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Cytomegalovirus (CMV) DNA amplification assays in plasma have shown limited sensitivity compared to the
detection of pp65 antigen in leukocytes. Our goal was to increase the sensitivity of a commercial CMV DNA
PCR quantitative assay. After modification, the new assay was able to reproducibly detect 20 CMV DNA
copies/ml of plasma. We compared this new ultrasensitive PCR assay with the standard PCR and the pp65 test
for CMV detection and quantification in 22 consecutive allogeneic hematopoietic stem cell recipients. CMV
infection or reactivation was detected in 84 of 319 (26%) samples by the ultrasensitive PCR assay compared to
38 of 319 (12%) samples by the pp65 assay (P < 0.01). All samples positive by the pp65 assay were positive by
the ultrasensitive PCR, and CMYV episodes were detected on average 4 days earlier and 7 days later than the
first and the last pp65-positive test, respectively. In addition, during CMYV episodes, the ultrasensitive assay
identified positive samples that were inconsistently detected by the pp65 assay. The ultrasensitive assay was
also much more sensitive than the standard PCR, with 26 versus 12% of CMV DNA-positive samples (P <
0.01). This assay improved the monitoring of CMV infection or reactivation in hematopoietic allogeneic stem

cell recipients.

Cytomegalovirus (CMV) is a leading cause of infection in
allogeneic hematopoietic stem cell transplant patients. Pre-
emptive therapy with ganciclovir or foscarnet is the most com-
monly used strategy to prevent CMV disease or complications,
but it requires close quantification of the CMV load. Available
methods for the detection and monitoring of the CMV load
include the quantification of the pp65 antigen in blood leuko-
cytes and CMV DNA amplification. The pp65 antigen assay
remains a reference method and has been validated in several
clinical trials (7, 9, 11, 15). The assay has several drawbacks,
including its limited sensitivity for leukopenic hematopoeitic
stem cell recipients and the labor-intensive procedures. CMV
DNA amplification assays in the format of a quantitative plas-
ma-based PCR have the potential for higher sensitivity, and
they are not dependent on the leukocyte count. Another po-
tential advantage is that plasma can easily be stored before
being processed. However, in previous reports, plasma-based
PCR assays were either not standardized or displayed limited
sensitivity compared to whole-blood PCR or the pp65 assay (1,
13).

Our goal was to increase the sensitivity of a standardized
plasma-based PCR assay, the Cobas Amplicor CMV Monitor
test (Roche Diagnostic Systems, Inc., Branchburg, N.J.). The
new ultrasensitive format showed ~20-fold-increased sensitiv-
ity. After validation, we assessed whether this ultrasensitive
PCR could improve the monitoring of the CMV load in allo-
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geneic hematopoietic stem cell transplant patients. We com-
pared the performance of the ultrasensitive PCR to that of the
routinely used pp65 antigen assay and to that of the standard
Amplicor CMV Monitor test.

MATERIALS AND METHODS

Consecutive and unselected allogeneic hematopoietic stem cell recipients who
received the transplants in our institution were monitored for CMV infection by
the routinely used pp65 antigen assay and by CMV DNA PCR of blood samples
collected at the same time points. Measurements were performed as deemed
necessary by the physicians in charge, generally two times a week in the early
phase of transplantation. For the first 16 patients (214 samples), two PCR
methods were compared: the standard Cobas Amplicor CMV Monitor test and
the newly developed ultrasensitive format of the test system. After preliminary
analysis of the first 214 samples, only the pp65 assay and the ultrasensitive Cobas
Amplicor CMV Monitor test were performed on the subsequent specimens.

The routinely used pp65 assay was performed as described in the literature (3,
15, 16). Depending on the leukocyte count, 7 to 21 ml of EDTA blood was
collected for leukocyte isolation by dextran sedimentation, and 250,000 leuko-

TABLE 1. Numbers of CMV-positive samples according to three
different assays in samples from hematopoietic stem cell recipients

No. (%) of CMV-positive samples

Method Subgroup with

All samples .
(n = 319) ; companso_n of
assays (n = 214)
Ultrasensitive Amplicor CMV 84(26)" 56 (26)°
Monitor test
pp65 antigen assay 38(12)¢ 28 (13)
Standard Amplicor CMV 25 (12)°

Monitor test

P <0.01.



22 Patient 1 D+R- 1t =Sy Patient 2 D+R+ 108
gl 1 ] a%
a it T
@ o F10° 8 2 10°
Qo Q
{8 57 & O
101 102 101 \/ P
A i
st N aaa—a o aa 0
5 i) 51 90
’ S = S =
[0} D
0 o—o—a/\ o—o—-o—o—o—o/o_o\o -4 g 041 o—o ° e o e o : g
3> 3>
0 20 40 60 80 100 Days 0 10 20 Days
$S. Patient 3 D+R+ 04 S©  Patient4D+R+ 104
2 e | 20 [ ]
LL§. 2] 1103 18 o [10
ald asd
2 [ 102
it /\\ [ 10 10- Y
atammas s asasaa Yaa 0 A—t—a—an | NN 0
J 82 7 g
A o< g S
2] O L D O O Ol
04 ©0—00-0-0-0 0-0-0. P eeo 5 g 0 &—o—9 5 )Z>
3> : o
0 20 40 60 80 100 120 140 160 Days 0 20 40 60 Days
o ; ©
22 Patient 5 D+R+ 4 SO, Patient 6 D+R+ 4
55 Y = v r
55| L [ 23] [0
all f g
9 n r10° 9 F 103
QL O Q o
2
» 10 10- 102
101 0 H"AI \‘\AH—O——HAA—-——A 0
2.0 51 g 0
54 . 5 T, E
[0
\ % o E o e 6 0—0—0—0 0—0—0——0—0 00——0 (i o
01 Z 0 =z
3 > =
0 20 40 60 100 120 Days 0 20 40 60 80 100 Days
g ué- Patient 7 D+R+ c 104 g U:O__ Patient 8 D+R+ F10%
2 o 110° 19 o F10°
a3 as a
2 [ 102
104 10 104 /\ ?
A N,
hnl a 0 —d \\/ Na 0
S 1 00D 51 Q0
82 3 =
/ \“ //\ o < e
0 Ps -0 ~00000-00 & g 04 o o g
3> i i . 3>
0 20 40 60 80 100 120 140 Days 0 10 20 Days

FIG. 1. Monitoring of individual patients for CMV load by the pp65 assay or ultrasensitive PCR. On the abscissa are represented the days after
transplantation. On the left y axis are reported the number of pp65 antigen-positive cells per 2.5 X 10° leukocytes (blue circles with white centers).
On the right axis are reported the number of CMV DNA copies expressed per milliliter of plasma (red triangles). The blue circles with blue centers rep-
resent pp65 assays that were not possible because of severe leukopenia. The horizontal bars represent the durations of the following antiviral ther-
apies; ganciclovir (vertical hatching), foscarnet (horizontal hatching), cidofovir (oblique hatching), and valaciclovir or intravenous acyclovir (open).
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FIG. 1—Continued.
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cytes were applied on slides by cytospin centrifugation; then, the viral structural
pp65 protein was stained by fluorescent antibodies (Argene, Varilhes, France)
before the detection of positive cells by trained technicians. The Cobas Amplicor
CMV Monitor test was performed according to the manufacturer’s recommen-
dations using 200 pl of plasma. The detection of the amplified product is per-
formed by the hybridization of the products to a labeled oligonucleotide probe,
which comprises a sequence of 365 nucleotides located in the amino terminus of
the CMV DNA polymerase gene (4). A CMV quantitation standard amplicon
(added to each specimen) and the final PCR products are measured by a color-
imetric reaction, the lower detection limit of which is 400 CMV DNA copies/ml
of plasma. Based on our previous experience, we modified this assay by increas-
ing the DNA input through the addition of a plasma centrifugation step before
extraction (10). Plasma (600 wl) in 1.5-ml sterile tubes (Sarstedt, Sevelen, Swit-
zerland) was centrifuged at 27,000 rpm (50,000 X g) for 80 min using a refrig-
erated (4°C) centrifuge (Biofuge 28 RS; Heraeus AG, Osterode, Germany). All
but 60 ul of the supernatant was discarded, and the pellet was resuspended in 600
wl of lysis buffer containing a proportion of quantitation standard similar to that
introduced in the standard assay. The nucleic acid was precipitated with ethanol,
the dried pellet was resuspended in 60 pl of the PCR buffer, and 50 pl of this
mixture was used for the PCR. The remaining steps were similar to those of the
standard Cobas Amplicor CMV Monitor test, and determination of the number
of copies per milliliter was adjusted for plasma input. For each frozen (—75°C)
plasma sample, the two PCR assays were conducted by one technician in the
same run using the same reagents. The limit of detection of the ultrasensitive
assay was determined using a pool of CMV DNA-positive plasma initially quan-
tified by the standard PCR procedure. Serial dilutions with human plasma were
then performed, aliquoted, and subsequently tested by both the standard and the
ultrasensitive assays. Forty-six aliquots containing 20 CMV DNA copies/ml and
20 aliquots at 180 copies/ml were extracted and tested in further experiments.
However, as it was a validation study and in order to show the consistency of the
results, we also reported positive results that were below the currently validated
limit of detection. We considered that a validation of the assay below 20 copies
was not necessary and would not be clinically meaningful. The viral DNA quan-
tifications measured by the two PCR methods were compared using linear
regression. For comparison of the different assays, P values were calculated using
the chi-square test.

RESULTS

Validation of the ultrasensitive PCR assay. The limit of
detection of the ultrasensitive PCR assay was assessed on 46
plasma samples containing 20 CMV DNA copies/ml; 44 of 46
(96%) were positive. The mean (= standard deviation) optical
density (OD) produced by the hybridization reaction between
the specific probe and the amplicon of the positive samples was
0.294 (£0.154). Samples from 33 unselected blood donors (21
of whom were positive for CMV immunoglobulin G) and 12
subjects on chronic dialysis and four lots of pooled plasma
(each from 50 donors) were analyzed. The ultrasensitive Am-
plicor test was negative for CMV DNA in all these cases, with
amean OD of 0.020 (=0.003). Based on these experiments, the
final OD detection threshold was set at 0.100 (25 standard
deviations above the mean OD value from negative controls).
In further experiments, 20 of 20 plasma samples containing 180
CMV DNA copies/ml were positive. Linearity of quantification
of the ultrasensitive Amplicor was observed between 50 and
5,000 copies/ml, with an intra-assay coefficient of variation
lower than 15% within these values and lower than 20% for
values smaller than 50 copies/ml. The interassay coefficient of
variation, tested with aliquots of frozen samples tested on
different days by different technicians, was lower than 15%. We
found a good correlation between the quantifications of the
viral load measured by the standard and the ultrasensitive
assays (r = 0.88).

Population studied. Twenty-two consecutive allogeneic he-
matopoietic stem cell recipients were followed for a median
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time of 137 days (range, 29 to 275 days); the mean age was 37
years (range, 9 to 61 years), and 41% were male. The diagnosis
leading to transplantation was chronic myeloid leukemia in six
patients, acute myeloid leukemia in seven patients, acute lym-
phocytic leukemia in four patients, chronic lymphocytic leuke-
mia in two patients, and other hematopoietic cancers in the
other three patients. Conditioning therapies before transplan-
tation were similar for all patients, including cyclophospha-
mide, a high dose of methylprednisone, and whole-body irra-
diation. All patients except one were treated with cyclosporine
for graft-versus-host disease prevention in association with in
vitro T-cell depletion using monoclonal anti-CD52 in 17 pa-
tients (methotrexate or mycophenolate mofetil was used in the
remaining cases). During the follow-up period, all patients
experienced severe neutropenia, defined as <500 neutrophils/
mm?, for a median duration of 10 days (range, 2 to 19 days),
and six presented a graft-versus-host disease. The donor (D)
and recipient (R) CMV serostatus was D™ R™ in 15 patients,
D" R™ in 5 patients, and D~ R" or D™ R™ in 1 patient each.
During the follow-up period, all patients received at least one
antiviral drug for prophylaxis or treatment of herpesvirus in-
fections; intravenous acyclovir was given in 16 of the 22 cases
for a median of 12 days (range, 1 to 39 days), and valacyclovir
was given in 20 of the 22 cases for a median of 98 days (range,
5 to 273 days). Antivirals specifically directed against CMV
were given in 21 of the 22 cases, including ganciclovir for a
median of 12 days (range, 2 to 33 days) in 12 cases, foscarnet
for a median of 6 days (range, 2 to 20 days) in 10 cases, and
cidofovir for a median of 8 days (range, 2 to 18 days) in 3 cases.

PCR results in plasma. CMV infection was monitored in
319 leukocyte and plasma samples collected at the same time
points. The CMV load was detected in 84 (26%) of the 319
samples by the ultrasensitive Amplicor test compared to 38
(12%) of the 319 samples by the pp65 assay (P < 0.01) (Table
1). The viral load detected by the ultrasensitive Amplicor in
positive samples varied from 5 to 1,160 CMV DNA copies/ml
(median, 106 copies/ml), whereas the dynamic range for the
pp65 assay varied from 1 to 26 positive cells per 250,000 leu-
kocytes (median, 3 positive cells). In six of the 22 patients,
CMV remained undetectable by all the methods used. All
samples positive by the pp65 assay were positive by the ultra-
sensitive PCR. On average, the ultrasensitive PCR detected
CMV episodes 4 days earlier than the first pp65-positive test
and 7 days later than the last pp65-positive test. In individual
cases, the ultrasensitive PCR detected CMV episodes up to 21
days earlier (e.g., patient 2), and 12 to 39 days longer (patients
1, 5, and 12) than the pp65 assay. In addition, the pp65 assay
was intermittently negative during several CMV episodes (pa-
tients 2, 5, 12, 13, and 15), whereas the ultrasensitive PCR
remained consistently positive. In four cases, CMV episodes
with limited viral load were detected by the ultrasensitive PCR
and remained negative with the pp65 assay (patients 4, 6, 9,
and 16). The results for all patients with a positive viral load
are presented in Fig. 1.

The ultrasensitive format, the pp65 assay, and the standard
Amplicor CMV Monitor test were compared using 214 sam-
ples from the first 16 consecutive patients. CMV DNA was
detected in 56 plasma samples (26%) by the ultrasensitive
Amplicor compared to 25 samples (12%) by the standard Am-
plicor assay (P < 0.01) (Table 1). CMV DNA copy numbers
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quantified by the Amplicor CMV Monitor test ranged between
226 and 6,650 copies/ml (median, 671 copies/ml).

DISCUSSION

We demonstrated that a standardized and quantitative ul-
trasensitive plasma CMV PCR (limit of detection, 20 DNA
copies/ml) improved the monitoring of CMV infection or re-
activation in hematopoietic allogeneic stem cell recipients. The
new ultrasensitive test format detected CMV DNA earlier and
for a longer time than the pp65 assay and the standard Am-
plicor assay. Samples positive by the pp65 antigen assay were
identified by the ultrasensitive PCR on average 4 days earlier
and for 7 days longer. In addition, during CMV episodes, the
ultrasensitive assay identified positive samples that were incon-
sistently detected by the pp65 assay, particularly in neutropenic
patients. The test also proved to be much more sensitive for
the detection of low levels of CMV DNA than the standard
Amplicor Monitor test, with 26 versus 12% of samples, respec-
tively, positive for CMV DNA. In previous reports, plasma
PCR assays, including in-house assays detecting 30 to 50 DNA
copies/ml, have showed limited sensitivity compared to the
pp65 assay or PCR in other blood compartments (1, 2, 5, 6, 8,
13, 14). None of these studies has confirmed the superiority of
plasma PCR to the pp65 assay. To our knowledge, the present
study is the first to validate the clinical utility of a plasma-based
ultrasensitive PCR for quantification of low CMYV loads.

Preemptive therapy in high-risk patients needs to be intro-
duced early, at the time of CMV reactivation or infection. In
our population of stem cell recipients, the median viral load, as
measured by the standard Amplicor CMV Monitor test, was
low (mean, 671 copies/ml) and slightly above the detection
threshold of 400 copies/ml. These low levels are possibly re-
lated to antiherpesvirus prophylaxis or treatment (i.e., intrave-
nous acyclovir or oral valaciclovir), which are likely to impair
and limit CMV replication. For this reason, tests that are able
to detect and monitor low levels of CMV viremia in plasma are
needed.

In solid-organ transplant recipients, the viral load before
and at completion of treatment has been shown to predict the
risk of relapsing CMV infection (12). Thus, tests that can
quantify a low viral load at treatment completion could im-
prove treatment management. Moreover, oral ganciclovir de-
rivatives with improved, but still limited, bioavailability will
soon be available. Patients on oral therapy will need careful
monitoring of treatment response. Finally, an ultrasensitive
assay is also of interest to rule out CMV replication. In case of
a negative result, antiviral therapy can be safely withdrawn,
avoiding unnecessary side effects or additional investigations.

We have shown that the ultrasensitive quantitative format of
the Amplicor CMV Monitor test can reproducibly detect 20
CMV DNA copies/ml of plasma. This ultrasensitive PCR assay
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can quantify low levels of CMV DNA with high accuracy and
is much more sensitive than the pp65 assay and the standard
Cobas Amplicor CMV Monitor test. In high-risk patients, such
as the neutropenic hematopoietic allogeneic stem cell recipi-
ents, this assay improved the monitoring of CMV infection or
reactivation and thus can improve treatment management.
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